Mohlo and Mohlo-Lacroix (1956) reported that the vitamin B12 stimulated mutant of Escherichia coli strain W, 113-3 (Davis and Mlingioli, 1950), could utilize methionine sulfoxide, methionine sulfone or methionine sulfoximine in place of methionine when incubated at 34 C without aeration in the "rich" medium of Burkholder (1951). Lampen et al. (1947) showed that a mutant of E. coli strain 15 could grow with either methionine sulfoxide or methio- 
, could utilize methionine sulfoxide, methionine sulfone or methionine sulfoximine in place of methionine when incubated at 34 C without aeration in the "rich" medium of Burkholder (1951) . Lampen et al. (1947) showed that a mutant of E. coli strain 15 could grow with either methionine sulfoxide or methionine and Sourkes and Trano (1953) demonstrated the reduction of methionine sulfoxide using an unidentified strain of E. coli. Mlethionine sulfoximine has been reported to be a growth inhibitor for several strains of microorganisms including E. coli strain W (W1 'heeler et al., 1956) .
In this investigation details of the activity of these compounds in E. coli strain B and mutants derived from this strain have been studied. Fernandez (1953) . The phage stocks were prepared by a modification of the method of Herriott and Barlow (1952) 
Stekol.
Media. Anderson's (1946) glucose medium was used in all bacteriophage experiments. For growth and inhibition studies the salts of Davis and Mlingioli (1950) supplemented with 0.5 g of sodium citrate per L were used. Glucose (2 g), lactic acid (6 g) or glycerol (6 g) were used as carbon sources. Complete medium for phage plates and soft agar tubes contained NaCl, 5 g; glucose, 1 g; peptone or tryptose (Difco), 10 g; and beef extract, 3 g; per L. Agar for phage plates was supplemented with 2 g sodium citrate per L. Glucose was autoclaved separately in the preparation of minimal medium.
Culture procedures. Growth responses of mutants were tested on supplemented minimal plates by the methods described by Kalan and Ceithaml (1954) . Inhibition data were obtained by use of liquid cultures in seven inch test tubes which were incubated on a reciprocal shaker (76 cpm). One step bacteriophage growth curves were obtained by the methods described by Adams (1950) except that in testing the capacity of mutant bacteria to produce phage, only one set of unsupplemented adsorption, antiserum, dilution, and first growth tubes were used. Supplemented second growth tubes were inoculated with infected cells from the common first growth tube. A 10 min adsorption period was allowed and the free phage were neutralized in antiserum for 5 min.
Log phase cultures of mutant cells at population densities of 5 X 101 were used for all phage experiments. Bacteria were centrifuged, washed in minimal medium, recentrifuged and suspended in minimal medium. All centrifugation and washing steps were carried out at room temperature. Starvation of such cultures, where indicated, was done by incubating them, with shaking, in minimal medium at 37 C.
RESULTS
Growth responses of mutant bacteria. Twenty-two mutants of E. coli strain B were divided into three groups on the basis of growth responses on supplemented minimal plates; group one mutants grow only with methionine or methioninesulfoxide, group two with methionine, methionine sulfoxide or vitamin B12 and group three with methionine, methionine sulfoxide or homocyst(e)ine.
These groupings are similar to equivalent groups described for E. coli strain W (Davis and Mingioli, 1950; Kalan and Ceithaml, 1954) and for strain B (Gots and Koh, 1950 Wheeler et al. (1956) showed that E. coli strain W was inhibited by methionine sulfoximine. This finding was confirmed and extended to the B strain. It was also found that the sulfone is a growth inhibitor for both strains but it's activity is much lower than the sulfoximine. Typical inhibition data are given in tables 1 and 2. It is interesting to note that both glutamic acid and methionine metabolism or uptake are involved in the inhibition and that DL-methionine-DL-sulfoxide appears to be more effective in reducing the toxicity of the sulfoximine in glycerol medium than it is in glucose medium. DL-Homocysteine, methylmethionine, cystathionine, and vitamin B12 have no effect on the inhibition produced by either the sulfoximine or the sulfone in either glucose or glycerol medium. tube tests with concentrations of the vitamin as high as 10 m,g/ml. It seems quite probable that this mutant represents an extreme example of the group of mutants described by Davis and Mingioli (1950) which grow very slowly with the vitamin but attain expected growth rates with methionine.
DISCUSSION
These experiments demonstrate that methionine sulfone and methionine sulfoximine do not replace methionine for aerobic growth of mutants 113-3 or any of the E. coli strain B mutants blocked in methionine biosynthesis. Preliminary data indicate that both of these compounds are growth inhibitors which affect glutamic acid and methionine metabolism in wild type E. coli strain B. Experiments designed to reconcile the differences between these data and the results of Mohlo and Mohlo-Lacroix are continuing.
Methionine sulfoxide does replace methionine for 113-3, B:11 and all methionine stimulated mutants of E. coli strain B available for study. Since the sulfoxide also replaces homocysteine in methionine biosynthesis it is concluded, in agreement with Mohlo and Mohlo-Lacroix, that the entire molecule including the sulfur and methyl group is incorporated. Evidence for the existence of methionine sulfoxide reduction by an unidentified strain of E. coli has been reported (Sourkes and Trano, 1953) .
It is clear that the capacity to use methionine sulfoxide is independent of the vitamin B12 stimulation since all methionine stimulated mutants grow with the sulfoxide as substrate. The partial reversal of sulfone and sulfoximine inhibition by the sulfoxide could represent the interchangeable use of the sulfoxide in the replacement of methionine. McRorie et al. (1954) reported that methyl methionine reversed sulfonamide inhibition in E. coli Texas and served as a substrate replacing methionine for methionineless mutants derived from this strain but that it did not replace methionine for 113-3 or reverse sulfonamide inhibition in the parent strain W. Shapiro (1956) obtained active enzyme extracts from E. coli strain K-12 which formed methionine from methyl methionine and homocysteine but extracts of strains B and W prepared by the same procedure were inactive. This author also showed that one strain B mutant did not respond to methyl methionine. The data obtained from the experiments reported here agree with the prior reports that 113-3 can not use methyl methionine with or without homocysteine. In addition, since none of the strain B mutants grew with methyl methionine, and the two groups which grew only with methionine (or the sulfoxide) could not use the combination of homocysteine and methyl methionine it is concluded that this compound is not available either as methionine, as a methyl donor, or as homocysteine in E. coli strain B. No evidence could be found for transmethylation with combinations of homocysteine with dimethyl-f3-propiothetin or s-methyl cysteine. Fowler and Cohen (1948) reported that 5 X 10 2 M methionine sulfoxide completely inhibited bacteriophage synthesis in E. coli strain B and that this inhibition was reversed by glutamic acid. This report does not conflict with the evidence presented here since Fowler and Cohen obtained no inhibition at concentrations of 5 X 10-3 M or less and the concentrations used in the prVsent experiments are below the reported inhibitory level for the wild type. The demonstrated stimulation of phage synthesis by vitamin B12 is attributed entirely to methionine synthesis.
The small increase in burst size shown with starved cells of B:17 is considered to reflect a stimulation of methionine synthesis sufficient for phage production but not adequate for growth of the mutant cells. The failure of Green and Cohen (1957) to obtain T6 phage synthesis in a mutant (Gots B:45) which was reported to grow with vitamin B12 (Gots and Koh, 1950) 
